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SUMMARY 



The results of testa made in the N.A.C.A. tank on 
tvo models of fljrlns-boat hulls to determine the effect 
of ventilatine the step are ^iven e;raphi cally . The step 
of N.A..C.A.. model 11-0 was ventilated in several differ- 
ent ways ani it was found that the resistance of:f the nor- 
mal form is not appreciably affected Tjy aftificlal venti- 
lation in any of the forms tried. Further tests made with 
the depth of the step of model 11-C reduced likewise show 
no appreciable effect- on the resistance from ventilation 
of the step. Tests were made on a model of the hull of 
the Uavy P3M-1 flying-boat hull both with and without ven- 
tilation of the 3-tep. It was founl that the discontinuity 
which, is obtained in the resistance curves of this model 
is eliminated by ventilating the step. 



llITRODUCTION 



The designers of early flying-boat hulls were often 
forced to provide means for "ventilating" the step in or- 
der to obtain reasonable performance on the water. With 
improvements in the design of hulls, however, this prac- 
tice became unnecessary and has been practically abandoned. 
The construction is st-ill revived occasionally, however, 
and designs incorporating ventilation of the step have 
been presented at the tank quite recently. The forced 
ventilation of the step is usually proposed by some one 
who has been in touch with small motorboat practice, where 
special means for ventilating the step are often provided. 

The freausnt citine. of sjiccessful applications of ar- 
tificial ventil!».tion to motor boat hulls led the Bureau 
of Aeronautics of the Uavy Department to request an inves- 
tieation of the possibilities of improving the take-off 



2 



K.A.C.A. Technical IfotB No. 594 



perf-Tormance of present flying-boat hulls "by providing ar- 
tifdcial means of- vent^latiniS the step. Because of the 
hicher priority of other projects tne tests were made as 
f^iirsible between tests of other mciels and were scattered 
over a period of about trwio— years . 



THE MODEL 



The f-irst model choseQ for these experiments was 
N.A.C.A. model 11-0. This model is not a scale model of 
any particular flying-boat hull but it is generalJLy simi- 
lar to many hulls in use in America.. The lines of this 
model are given in reference 1, in which fhe resultrs of a 
general tank test on it are reported. 

The tests made with model 11-C showed that ventilation 
of the step had little effect on the resistance of- the 
model. At the suggestion of the Bureau of Aeronautics, 
fTirther tests were made on a model for which it had been 
found that under som.e conditions of- loading a discontinu- 
ity wouLd be' obtained in the resistance curve at a epeed 
slightly lower than the hump speed. The model chosen for 
these t-Te^sts (11,4. G. A. model 18) is a l/6-size model of the 
Navy P3M-1 flyiiig-boat hull. The lines of thia model are 
given in ref^erence S, in which the results of several spe- 
cific tests on it are reports. 

The several methods used for pt»ovlding ventilation for 
the step in these tests are shown in figure 1. The foLlow- 
ing variations of N.A.O.A. models 11-C and 18 were tested. 

Model 11-0-^14; stop ventilated "by two tubes opening 
at the deck: of the model. 

Model 11-0-14 with scoops: the same as model 11-0-14 
but with air scoops added on the deck to increase the amount 
of air. flowing to the step. 

Model 11-0-15: blower forcing a.ir throueh a l/l6- 
inch slot in the full-depth step. 

Model ll-C-16: the same as 11-0-15 but with a 1/4- 
inch slot in step. 

Model ll-C-17: the same as ll-C-15 but with a 1 /2- 
inoh slot in s t-^p . 
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Moiel 11-pC-18: normal -lepth o'f step ventilated 
from holes placed in bof of model (as requested by Bureau 
of Aeronautics) . 

Model 11-0-19: ventilated as ll-C-14 but depth of 
step reduced to l/s inch. 

itodel ll-C-20; ventilated as' 11-0-18 but depth of 
step reduced to l/8 inch. 

Model 18; model 18 without ventilation. 

iiodel 18-V; model 18 ventilated by two tubes open- 
ing at the deck of the model. 



APPARATUS AND PROOEiDURB 

The N.A.C.A. tank atid its carriaee are described in 
reference 3. The towing gear used in the present tests 
was similar to the one described in reference 4. 

The tests on the variations of model 11-0 were made 
at constant speed, fixed trim, and constant load i Several 
loads were tested and most of -the tests were made for a 
number of trims. All tne tests were made over a suffi- 
cient speed ranee to determine the hump resistance. The 
possibility that the ventilation of the step might reduce 
the hieh-speed resistance wa.s investigated iiy a few tests 
at hieh speed<>. 

The tests on model 18-V were ma.de at constant, speed 
and constant load but free to trim. This method was cho- 
sen because tests of this nature had just been made on 
model 18 in connection with another research problem, and 
the results showed ma-^ked discontinuities in the resist- 
ance cur^ves. As the tests on model 18 had beeii made with 
load parameters correspondin-fi; to even. load coefficients 
instead of even pounds, the data for models 18 and 18-V 
are presented nondimens i onally . The nondimensi onal coef- 
ficients used are: 

p 

Resistance coefficient, 0^, = — — . 

a 3 
wb 

A 

Load coefficient, Ca - ■'- — J - 

wb 
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Speed coefficient. 



wjttere 



7 is speed 



g, acceleration of gravity 
b ,. maximum beam of - hull 
A , load on vater 

w, specific nj-eight of water (w = 63,5 pounds 
per cubic foot for the- water in the 
N.A.C.A. tank, during these tests) 

S, water resistance 

RSSULTS AND DISCUSSION 



The resultTi from the tests on moiel 11-0 with the va- 
rious types of ventilation are shown and are comparpd with 
the results obtained without ventilation of the step in 
fi«:ures 2 to 4. In these figures -resistance is plotted 
against speed and the actual pointrs obtained in t-he trusts 
are shown. 

The resistance of mo-del 11-C is co/npared with that of 
models 11-0-18, ll-C-14, and ll-C-14 wiJ;h scoops in fLeure 
3. Although there are some sizable differences obtained 
at the heaviest loads for the 3° and 5° trims, no consist- 
ent differences due to ventilation are indicated. 

Tnc first results from the high-speed tests of those 
models seemed to show- that ventilating the step produced 
a reduction in the resistance at high speed. It was 
later shown, as a result of tests made with the ventilat- 
ing holes closed, that the reduction in resistance had 
been produced by other causes. The final results of the 
tests at high speeds showed tha-t the resistance at high 
speeds was not reduced by ventilating the step. Secause 
of the inconsistency between the data from the two sets 
of tests, the data for. the high-speed resistance of this 
model are omitted. 



The results obtained from forced ventilation of the 
step by means of a small blower are shown' in figure 3. 
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These results are sjiven for one trim an^le only "but a few 
points taken at sever-^l other trim angles show similar 
results. There appears to be no change in the hump re- 
sistance due to thd air being forced out through the step. 

The effect of ventilating a very shallow step (l/S- 
inch depth) is shown in figure 4. The results compared 
with those obtained with model 11-C-ll (reference 5), 
which is the same model without ventilation, show no 
change in resistance due to venti lr« t ion . 

In connection with the present tests some measure- 
ments of the pressures obtained just aft of the step of 
model 11-C without ventilation were made by means of a 
U-tube manometer. It was found that at very low speeds 
negative pressures amountine to several inches of water 
are obtained but as soon as the chines "clean up" the 
negative pressures are reduced to the order of l/s inch 
of water and the pressures are reduced only slightly with 
further increase in speed. 

The results obtained from the tests on model 18 are 
shown in fieure 5. Tho curvfts from fieure 5 are repeated 
in figure 6 without the test points. The test points on 
this figure were obtained from model 18-V and their de- 
partures from the curves show the effect' of ventilation 
of the step. 

Figure 5a clearly shows that ventilating the step 
has eliminated the discontinuous peak which occurs in the 
resistance curves o'f model 18 at a speed slightly lower 
than the hump speed. It will be noted that the curve for 
0^ = 0.2 has no perceptible discontinuity and the venti- 
lation did not affect this curve. Figure 6b shows that 
the trim is practically unaffected by the ventilation. 

The discontinuity in the resistance curve referred 
to above has been encountered frequently in tests made at 
tho N.A.C.A. tank. It occurs when tho chines "clean up", 
i.e., the spray begins to break cleanly" from tho chinos 
without wetting the sides of the model, and air begins to 
flow down the bottom just behind the step, thus bringing 
the pressure at the rear of the step nearly to atmospheric 
pressure. At speeds slightly less than the speed at which 
the discontinuity occurs there undoubtedly exist very ap- 
preciable negative pressures aft of the step. The magni- 
tude of the discontinuity and the speed at which it occurs 
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are functions of the loalinfi; conlition ani tn^ f-OTTU of 
tne hull in the reeion of the step. If the form of the 
hull is such that with a given loadine: conlition the 
chines can clean up at a comparatively low speed. I.e., 
the release of the negative pressures at the step is not 
ielayed-, the iiscontinuity usTially does not- appear or Is 
of negligible magnitude. 

It has "been known for some time that tiii s discon- 
tinul-ty in the reai stance curve could "be eliminated by 
ventilation. Tests ma.de by the Navy Jepartment in the 
Experimental iviodel Basin at ifaehington show results "Simi- 
lar to those obtained in the present tests and the sub- 
ject is givon some discussion in refftTonco 6, However, 
unless the peak of the discontinuity in the resl9t"sneT> 
curve approaches the value of the hump resiRtance very 
closely, its effect on the take-off performance will be 
very small. 

Resistance curves in which the discontinuity peak 
equalf^d the hump resistance have been obtained at the 
N.A.C.A. tank in only a few cases. Model 18, under some 
loading conditions, has this characteristic, bub- ev^n In 
this case it is ouestj enable if it would have more than 
a very slight effiect on the take-off characteristics be- 
cause of the .extremely short duration of the peak of the 
discontinuity and because of the additional thrust avail- 
able at the lower suead as compared with the hump speed. 

These con«iiderati ons , along with the tendency of the 
hump resistance to become less and less imports^irt In re- 
cent designs, inii cate that thl s discontinuity in the re- 
sistance curves may generally be ignored. In cases where 
i-t is foun-l by tank teats that the discontinuity may 
cause trouble in ts;king off, it can be eliminated by any 
suitable method of providing relief for the negative pres- 
sure at the step. In a case of this, nature it will prob- 
ably be found that a slight alte-ration in the lines of 
the hull can achieve the desired result, with less effect 
on tne interior than would accompany the methods of ven- 
tilation used in these tests. 

This discussion is based entirely on smooth water 
tests in the tank and the effect of rough water on the 
discontinuity is problemat"ical . 

It should be noted that the high peaks occurring in 
th€ resistance curves of hulls of the pointed-step type 
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(as developed at the N.A.C.A. tank) are not analogous to 
the discontinuities discTissed atove. 



CONCLUSIOirS 



The following conclusions are "based upon the results 
of tests of two bulla and are strictly valid only for 
those hulls. It is "believed, however", that the conclusions 
will hold quite generally. . • 

1. If the resistance curve rises to a maximum before 
the true hump ani, when the chines clean up, shows a sud- 
den drop in the form of a discontinuity, the resistance at 
speeds hclc this maximum may he reduced and the discon- 
tinuity eliminated by providing ventilation of the step. 

2. Unless the magnitude of the resistance just he- 
fore the discontinuity, equals or exceeds the resistance 
at the true hump the improvement in performance that may 
bo obtained from eliminating the discontinuity hy venti- 
lating; the step is relatively small. 

3. fhan the peak of the discontinuity is greater than 
the true hump, ventilation may help, but slight altera- 
tions in tne_ form of the hull will probably prove as suc- 
cessful in reducing the effect of the discontinuity to in- 
significance. 

Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Lansley Field, Va., February 13, 1937. 
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Figure 5.- Uodel 18. Reslstanoe and -trim, Flgiixe 6.- Coaparlaon of reslstanoe and txla for 
free to trim. models 18 and 18-T, free to trim. 



